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Synopsis 
 
 Foodborne diseases are one among the diseases with high morbidity and mortality rate. 
The concern is raised with the emergence of pathogenic strains that are resistant to the 
available set of antibiotics. Conventional regimens fail to treat the infections caused by 
these pathogens prolonging the sickness leading to increased morbidity and mortality. The 
situation can get further complicated with the dietary intake of the host. Of late it has been 
understood that the dietary flavonoids play an important role in regulating the immune 
system. Curcumin, a pigment from turmeric, is one among such bioflavonoid with an 
immunomodulatory potential.  
 Curcumin has been a front-line topic of mainstream scientific research for a variety of 
diseases from cancer to Alzheimer’s to infectious diseases. Curcumin being considered as 
a spicy panacea is not a remedy for all diseases. Its ability to act differentially as an 
antioxidant or pro-oxidant can be either beneficial or harmful for the host. It exhibits 
antioxidant properties at concentrations achievable in the body; this can make the host 
vulnerable to infections due to the suppression of innate immune responses. Curcumin also 
suppresses the type 1 immune response, which might lead to alleviation of type 1 immune 
response disorders. However, the inhibition of type 1 immune response might invite 
infections with opportunistic pathogens.  
 We have chosen curcumin to assess the effect of diet on the regulation of pathogenesis of 
Salmonella along with few medically important pathogens like Yersinia enterocolitica, 
Staphylococcus aureus, Shigella flexneri and Listeria monocytogenes. The thesis is 
divided into five chapters. As the main focus of the thesis is on Salmonella, in Chapter 1 
we introduce diverse aspects of curcumin and the basic biology of Salmonella. Initially the 
properties of curcumin, the molecule of interest are introduced followed by brief overview 
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to Salmonella biology and pathogenesis. Various activities of curcumin dealing with the 
variety of diseases are discussed. Further, the introduction to the intricate underlying 
mechanisms and the functional determinants of curcumin is given. The subsequent 
sections give an overview of different phases of Salmonella pathogenesis and the 
molecular mechanisms of Salmonella virulence and host defense. Towards the end of the 
chapter we discuss the strength, limitations and the distinctive characteristics of the murine 
model of typhoid fever.    
 Curcumin has gained immense importance for its vast therapeutic and prophylactic 
applications. Its anti-bacterial effect has been demonstrated in bacteria, like B. subtilis, H. 
pylori and E. coli. Contrary to this, the results of the Chapter 2 reveals that curcumin at a 
nontoxic concentration to both host and pathogen, regulates the defense pathways of 
Salmonella enterica serovar Typhimurium (S. Typhimurium) to enhance its pathogenicity. 
In a murine model of typhoid fever, we observed higher bacterial load in 
reticuloendothelial organs when infected with curcumin-treated Salmonella.  Curcumin 
increased the resistance of S. Typhimurium against antimicrobial agents like antimicrobial 
peptides, reactive oxygen and nitrogen species. It up-regulated the genes involved in 
resistance against antimicrobial peptides - pmrD and pmrHFIJKLM and genes with 
antioxidant function - mntH, sodA and sitA. We implicate that the iron chelation property 
of curcumin has a role in regulating mntH and sitA. Interestingly, we see that the 
curcumin-mediated modulation of pmr genes is through the PhoPQ two-component 
regulatory system (TCS). Curcumin downregulates SPI-1 genes required for entry into 
epithelial cells and upregulates SPI-2 genes required for intracellular survival, through 
PhoPQ TCS. Thus, this common regulator (PhoPQ) could explain curcumin's mode of 
action.  
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 Another important factor for the pathogen’s success is its ability to counteract the action 
of antibiotics. Almost all the bactericidal antibiotics act via production of reactive oxygen 
species in the bacteria. Curcumin has anti-oxidant property that might interfere with the 
action of antibiotics. Ciprofloxacin is a commonly used anti-typhoidal drug. It kills the 
bacteria by inhibiting DNA replication and increasing reactive oxygen species in bacterial 
cell. In Chapter 3 we present the results obtained after the investigation of the 
interference of curcumin with the anti-bacterial action of ciprofloxacin against Salmonella. 
We found that curcumin indeed increased the proliferation of Salmonella Typhi and 
Salmonella Typhimurium in ciprofloxacin treated macrophages by reducing the 
ciprofloxacin-induced reactive oxygen species. It also inhibited ciprofloxacin mediated 
DNA damage and the resultant SOS response and filamentation. However, curcumin was 
unable to rescue the ciprofloxacin induced gyrase inhibition. The reduced antibiotic 
(ciprofloxacin) efficacy against Salmonella by curcumin might aggravate the disease. 
Thus, the results of chapter 1 and 2 urge us to rethink the indiscriminate use of curcumin 
especially during Salmonella outbreaks.  
 Bacteria modulate its virulence determinants in response to the environmental cues. 
Salmonella being a foodborne pathogen has a very likely chance of getting exposed to 
turmeric and hence curcumin. In Chapter 4 we have assessed the modulation of motility 
of S. Typhimurium, an important virulence determinant, by curcumin. We show that 
curcumin reduced the motility of the S. Typhimurium by decreasing the flagellar density 
around it. Surprisingly, this was achieved without affecting the expression of the flagellin 
gene and protein. Curcumin physically adhered to the flagella making it fragile and 
breaking it into fragments. This can hinder bacterial motility, chemotaxis, adherence and 
invasion into the host cells. However, aflagellate bacteria are hypervirulent as is the case 
with our experimental results with curcumin treated bacteria.  
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 Curcumin regulates myriad of bacterial (Salmonella) activities increasing its 
pathogenicity. Curcumin is known to regulate the host defenses in response to the disease. 
In Chapter 5 we have sought to address the effect of curcumin treatment of host cells on 
the outcome of infection by different pathogens. Pathogens have evolved different 
strategies to evade the host innate immune system, one of them being avoiding lysosome 
mediated degradation. Pathogens like Salmonella, Yersinia, Mycobacterium and 
Staphylococcus have acquired molecular machinery to inhibit the fusion of the pathogen 
containing vacuole with lysosomes and multiply within the vacuole whereas other 
pathogens like Shigella, Listeria and Rickettsia escape into and multiply in the cytosol. In 
our study we show that pretreatment of macrophage with curcumin increased the fold 
proliferation of S. Typhimurium, S. aureus and Y. enterocolitica whereas decreased that of 
S. flexneri and L. monocytogenes. From the results obtained, we can state that curcumin 
differentially regulates the pathogenesis of vacuolar and cytosolic pathogen. We 
hypothesized that curcumin pretreatment stabilizes the membrane of pathogen containing 
vacuole retarding the lysis of the phagolysosome harboring the cytosolic pathogen and 
hence facilitating its clearance. We indeed observed that the membrane stabilizing effect 
of curcumin led to increased fusion of cytosolic pathogen with the lysosome, decreasing 
its proliferation in the cells. As the vacuolar pathogens have an inherent ability to inhibit 
this fusion, they proliferate better in curcumin treated cells.  
 In a nutshell curcumin can have multiple and sometimes unexpected effects not only on a 
pathogen’s potential to successfully cause infection but also on the host’s ability to counter 
it. 
 A brief summary of the study that does not directly deal with the modulation of bacterial 
pathogenesis by curcumin is included in the Appendix. In this study a novel, simple, 
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sensitive and efficient PCR based assay was devised to detect Salmonella contamination in 
milk, fruit juice and ice-cream without any pre-enrichment.  
  
 
 
 
 
